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Introduction 6 

As part of the locus selection process proposed for chum salmon in WASSIP, we propose 7 

using fORCA (Rosenberg et al. 2003; Rosenberg 2005) with backward elimination as one of 8 

the marker selection methods for choosing SNPs for the chum salmon baseline (Tech 9 

Doc 8).  Results from this analysis are proposed to provide 30% of the locus-selection 10 

weight, the most of any analysis.   The information measure, fORCA, returns the Optimal 11 

Rate of Correct Assignment (ORCA) for a particular locus set with respect to a specific 12 

baseline.  At each iteration of the routine, a randomly drawn individual is assigned to a 13 

population for which its genotypic probability is a maximum.   We propose adapting 14 

fORCA to allow us to determine the best set of loci to provide separation among reporting 15 

groups taking advantage of potential synergy among loci.  To do this we propose 16 

implementing a backward elimination algorithm similar to that described in BELS 17 

(Bromaghin 2008).  However, we opted not to use the program BELS because it is too 18 

time-consuming.  Even though the Gene Conservation Laboratory does proportional 19 

allocation (as does BELS) rather than individual assignment (as does fORCA), we feel that 20 

fORCA with backward elimination has merit under a Bayesian mixed stock analysis routine 21 

because it attempts to select a suite of markers that optimizes the genotypic probabilities 22 

of potential mixture individuals, and BAYES (Pella and Masuda 2001) uses these 23 

probabilities to stochastically assign the mixture individuals each iteration.       24 

Current fORCA Algorithm 25 

While a closed form solution of fORCA is available (Rosenberg et al. 2003), it becomes 26 

impractical for large locus sets.  Therefore, Rosenberg (2005) provided an iterative 27 

algorithm for estimating fORCA.  This algorithm can be explained as follows.   28 

1. Uniformly draw a population at random from the baseline.   29 

2. Randomly generate a multi-locus genotype based on the allele frequencies of the 30 

population chosen in the first step.   31 
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3. Assign that genotype to the population for which its genotypic probability is a 32 

maximum.   33 

4. Repeat Steps 1-3 10,000 times. 34 

5. After repeating this process multiple times, fORCA is calculated as the proportion of 35 

times that the assignment in Step 3 is the same population drawn in Step 1.   36 

While fORCA is typically used to evaluate how well a marker set can assign individuals 37 

back to the correct population, it could also be adapted for evaluating how well a marker 38 

set can be used to assign individuals back to the correct region.  With this application the 39 

algorithm would be as follows. 40 

1. Uniformly draw a population at random from the baseline.   41 

2. Determine the region to which the population belongs. 42 

3. Randomly generate a multi-locus genotype based on the allele frequencies of the 43 

population chosen in the first step.   44 

4. Assign that genotype to the population for which its genotypic probability is a 45 

maximum.   46 

5. Determine the region to which the assignment population belongs. 47 

6. Repeat Steps 1-5 10,000 times. 48 

7. After repeating this process multiple times, fORCA is calculated as the proportion of 49 

times that the assignment in Step 5 is the same region drawn in Step 2.   50 

 51 

Backward Elimination Locus Selection Algorithm 52 

Rosenberg’s fORCA algorithm  provides a means of evaluating the performance of a locus 53 

set, but it does not provide us with an algorithm for selecting sets of markers to evaluate.  54 

Rosenberg (2005) does provide four such algorithms and discusses the advantages and 55 

limitations of each: 1) Exhaustive evaluation, 2) Univariate accumulation, 3) Greedy 56 

accumulation, and 4) Maxmin accumulation. 57 

One locus selection algorithm that Rosenberg failed to discuss is the method used in the 58 

Backward Elimination Locus Selection (BELS) algorithm laid-out by Bromaghin (2008).  59 

This algorithm has the advantages of being both simple to implement and it exploits 60 

synergies among loci.  However, Bromaghin (2008) does not use fORCA to evaluate marker 61 

sets; rather he uses actual maximum likelihood mixed stock analysis and bootstrap 62 

simulations to evaluate performance in the software BELS.  While we agree that this is a 63 

relevant measure, unlike fORCA, it suffers from being prohibitively slow and may be biased 64 

in some circumstances (Anderson 2008). 65 

We suggest that marker selection applications with large numbers of populations and loci 66 

should employ the BELS algorithm for selecting marker panels to evaluate, but use the 67 

fORCA function to do the evaluation.  For the purposes of WASSIP, we will use the correct 68 

assignment to region algorithm described above. 69 

This would be accomplished by the following:   70 
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1. Start with entire set of L potential markers. 71 

2. Create L sub-sets of L-1 markers by removing each marker, in turn, from full the 72 

set. 73 

3. Evaluate fORCA on all L sub-sets using correct assignment to region. 74 

4. Identify sub-set with maximum fORCA.   75 

5. Record which locus was removed. 76 

6. Return to Step 1 using the sub-set identified in Step 4 as the new full set of L-1 77 

loci. 78 

This process is continued until no markers remain.  The loci can be ranked according to 79 

the order in which they were removed or scored according to their fORCA value. 80 

This algorithm has been implemented in R for use with the chum salmon SNP selection 81 

process described in Technical Document 8, “Chum salmon SNP selection process 82 

outline.” 83 

The limitations of fORCA are: 1) it (likely) suffers from providing an optimistic rate of 84 

correct assignment, and; 2) spurious differences in allele frequencies can lead to falsely 85 

identifying some loci as influential.  An extension of fORCA that may alleviate its 86 

limitations would be to implement a “leave-one-out” approach by which we randomly 87 

draw an individual from the ascertainment baseline, recalculate the allele frequencies 88 

without that individual, then assign the individual based on the recalculated allele 89 

frequencies.  While more difficult to implement, this version may be a more viable 90 

solution.  We are currently working on programming this extension. 91 

 92 
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 Technical Committee review and comments 106 

 107 

General comments:  In general the approach seems reasonable, but we have some specific 108 

comments as detailed below. 109 

 110 

Minor comments: 111 

Line 13: “At each iteration of the routine, a randomly drawn individual is 112 

assigned to a population for which its genotypic probability is a maximum.”  How is this 113 

individual chosen?  What is the pool of candidate individuals? 114 

Line 29: “Uniformly draw a population at random from the baseline.” What 115 

exactly does this mean?  Each population has equal weight, and then the draw is random? 116 

Line 63: “While we agree that this is a relevant measure, unlike fORCA, it suffers 117 

from being prohibitively slow and may be biased in some circumstances (Anderson 118 

2008).”  After “unlike fORCA”, two attributes are listed but only one (being slow) is 119 

unlike fORCA.  The bias described by Anderson et al. (2008) is equally applicable to 120 

fORCA.  See below for more on this point. 121 

 122 
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